The inverse Compton (IC) scattering of ultrarelativistic electrons accelerated at the pulsar wind termination shock is generally believed to be responsible for TeV gammaray signal recently reported from the binary system PSR B1259-63/SS2883. While this process can explain the energy spectrum of the observed TeV emission, the gamma-ray fluxes detected by HESS at different epochs do not agree with the published theoretical predictions of the TeV lightcurve. In this paper we study evolution of the energy spectra of relativistic electrons under different assumptions about the acceleration and energy-loss rates of electrons, and the impact of these processes on the lightcurve of IC gamma-rays. We demonstrate that the observed TeV lightcurve can be explained (i) by adiabatic losses which dominate over the entire trajectory of the pulsar with a significant increase towards the periastron, or (ii) by the "early" (sub-TeV) cutoffs in the energy spectra of electrons due to the enhanced rate of Compton losses close to the periastron. The calculated spectral and temporal characteristics of the TeV radiation provide conclusive tests to distinguish between these two working hypotheses. The Compton cooling of the electron-positron pulsar wind contributes to the decrease of the nonthermal power released in the accelerated electrons after the wind termination, and thus to the reduction of the IC and synchrotron components of radiation close to the periastron. Although this effect alone cannot explain the observed TeV and X-ray lightcurves, the Comptonization of the cold ultrarelativistic wind leads to the formation of gamma-radiation with a specific line-type energy spectrum. While the HESS data already constrain the Lorentz factor of the wind, Γ 10 6 , future observations of this object with GLAST should allow a deep probe of the wind Lorentz factor in the range between 10 4 and 10 6 .
INTRODUCTION
PSR B1259-63/SS 2883 -a binary system consisting of a 47ms pulsar orbiting around a luminous Be star (Johnston et al. 1992 ) -is a unique high energy laboratory for study of nonthermal processes related to the ultrarelativistic pulsar winds. X-ray and gamma-ray emission components are expected from this object due to the radiative (synchrotron and inverse Compton) cooling of relativistic electrons accelerated by the wind termination shock (Tavani & Arons 1997; Kirk et al. 1999) . Generally, the particle acceleration in this complex system can be treated as a scaled-down in space and time ("compact and fast") realization of the current paradigm of Pulsar Wind Nebulae (PWN) which suggests that the interaction of the ultrarelativistic pulsar wind with surround-⋆ E-mail:dmitry.khangulyan@mpi-hd.mpg.de ing medium leads to the formation of a relativistic standing shock (Rees & Gunn 1974; Kennel & Coroniti 1984; Harding & Gaisser 1990; Tavani & Arons 1997) . In the case of strong and young pulsars, the shock-accelerated multiTeV electrons should give rise to observable X-ray (synchrotron) and TeV (inverse Compton) nebulae with typical linear size ∼ 0.1 − 10 pc. The unambiguous association of some of the recently discovered extended TeV gammaray sources with several distinct synchrotron X-ray PWNs generally supports this scenario of formation of nonthermal nebulae around the pulsars.
In the binary system PSR B1259-63/SS 2883 one should expect a similar mechanism of conversion of the major fraction of the rotational energy of the pulsar to ultrarelativistic electrons through formation and termination of the cold electron-positron wind. On the other hand, in such systems the magnetohydrodynamic (MHD), acceleration and radiation processes proceed under essentially different conditions compared to the PWN around isolated pulsars. In particular, due to the high pressure of the ambient medium caused by the outflow from the companion star, the pulsar wind terminates quite close to the pulsar, R 10 12 cm. Consequently, in such systems particle acceleration occurs at presence of much stronger magnetic field (B ∼ 0.1 − 1 G), and under illumination of intense radiation from the normal star with a density w ph = Lstar 4πcR 2 ∼ 0.9 Lstar 3.3 · 10 37 erg/s R 10 13 −2 erg/cm 3 ,
where Lstar is the luminosity of the Be star and R is the distance between the acceleration site and the Be star (see Tavani & Arons (1997) ). The discussed ranges of the temperature and the luminosity of the star SS2883 vary within T ≃ 2.3 · 10 4 − 2.7 · 10 4 K and Lstar ≃ 3.3 · 10 37 − 2.2 · 10 38 erg/s. This implies that both the acceleration and radiative cooling timescales of TeV electrons are of order of hours, i.e. comparable or shorter than the typical dynamical timescales characterizing the system. This allows a unique "on-line watch" of the extremely complex MHD processes of creation and termination of the ultrarelativistic pulsar wind and the subsequent particle acceleration, through the study of spectral and temporal characteristics of high energy gamma-radiation of the system. The discovery of TeV gamma-radiation from PSR B1259-63/SS2883 by HESS collaboration provides the first unambiguous evidence of particle acceleration in such systems to TeV energies.
Remarkably, in spite of the complexity of the binary system PSR B1259-63/SS2883, one may calculate with quite high precision the spectral and temporal features of gammaradiation based on only a few model assumptions concerning, in particular, the magnetic field, the acceleration rate as well as the non-radiative (adiabatic or escape) losses of electrons. The uncertainties involved in these calculations are mainly related to the luminosity of the optical companion SS 2883. The basic free parameters used in calculations are the rates of particle acceleration and the nonradiative losses caused by adiabatic expansion and escape of electrons.
The orbital elements of the system are well known. The orbit is quite eccentric (e = 0.87) with the minimum and maximum distances between the pulsar and the star D0 = 9.6 × 10 12 cm and Da = 1.4 × 10 14 cm at the periastron and the apastron, respectively. The separation between the pulsar and the optical companion versus the epoch is shown in Fig.1 . In the same figure we show the possible locations of pulsar passage through the stellar disk as discussed by Johnston et al. (2005) and Chernyakova et al. (2006) . In the first paper the disk location is determined by the time of disappearance of the pulsed radio emission which is explained by absorption of the pulsar emission in the stellar disk. However, as long as the physics of interaction of the pulsar winds with the stellar disk is not firmly established, alternative models are not excluded. For example, Chernyakova et al. (2006) noticed that the maxima of lightcurves of nonpulsed radio, X-ray and TeV gamma-ray are quite close to each other, and proposed that the increase of the nonthermal energy release happens when the pulsar crosses the disk. If so, the gamma-ray emission could be result of hadronic interactions (Kawachi et al. 2004; Chernyakova et al. 2006 ). This hypothesis implies, however, a different location of the disk compared to the one derived from the eclipse of the pulsed radio emission (Johnston et al. 2005) , and therefore requires an independent confirmation based on a stronger evidence of correlation of radio, X-ray and TeV fluxes, as well as detailed study of the reasons of such correlation.
Meanwhile, the inverse Compton scattering remains the most plausible gamma-ray production mechanism (Tavani & Arons 1997; Kirk et al. 1999; Aharonian et al. 2005) . In this paper we present detailed numerical studies of the the spectral and temporal characteristics of TeV gamma-ray emission within the framework of the IC model of TeV gamma-rays. In this context we adopt the position of the disk as it is derived from the eclipse of pulsed radio emission (Johnston et al. 2005) .
It is expected, from the MHD treatment of pulsar wind termination (Tavani & Arons 1997) , that the magnetic field around the periastron is B ≃ 0.1 − 1G with corresponding energy density B 2 /8π ∼ 10 −3 − 10 −1 erg/cm 3 . The energy density of photon field significantly exceeds this value (see Eq. (1)). Thus the radiation is formed in an environment dominated by radiation. Since the temperature of the starlight is about 2 eV, the inverse Compton scattering proceeds in a regime with distinct features related to the transition from the Thomson to Klein-Nishina limits, depending on the scattering angle (i.e. location of the pulsar in the orbit) and the energy interval (Khangulyan & Aharonian 2005) .
The position of the shock wave is determined by interaction of the pulsar wind with the surrounding medium, therefore the distance to the shock is a function of time. For the magnetic field lines frozen into the pulsar wind, one has B ∝ r −1 sh . It is also expected that r sh ∝ D (Kirk et al. 1999) , thus wB ∝ D −2 . As long as r sh ≪ D, the target photon density at the site of electron acceleration and radiation w ph ∝ D −2 . Thus the synchrotron and IC radiation timescales have similar dependencies on the separation distance D, tsyn, tIC ∝ D 2 . The TeV gamma-ray lightcurve of binary PSR B1259-63/SS2883 shows ) a tendency for a minimum flux at the epoch close to the periastron passage, as well as a maximum observed 20 days after the periastron. Although the available TeV data do not allow robust conclusions about the lightcurve before the periastron, there is an evidence of time variable flux which indicates the existence of the second maximum >18 days before the periastron. Interestingly, the X-ray observations show a similar behavior (Tavani et al. 1996; Shaw et al. 2004; Chernyakova et al. 2006 ). Below we discuss 3 different possible scenarios which could explain the drop of the TeV gamma-ray luminosity close to the periastron: (i) nonradiative (adiabatic or escape) losses of electrons; (ii) "early" (sub-TeV) cutoffs in the energy spectra of shock-accelerated electrons due to the increase of the rate of Compton losses, and (iii) decrease of the kinetic energy of the pulsar wind before its termination due to the Comptonization of electrons in the cold ultrarelativistic wind. Note that generally in the X-ray binaries with luminous companion stars the photon-photon absorption may have a strong impact in the formation of the TeV gamma-ray lightcurves. However, in the case of PSR B1259-63/SS2883 the absorption effect appears to be not significant (Kirk et al. 1999; Dubus 2005 ).
THE ELECTRON DISTRIBUTION FUNCTION
Formally, the radiation seen by an observer is contributed by electrons of different ages, i.e. by electrons from different locations of the pulsar during its orbiting. However, since the radiative cooling time of high energy electrons (E 100 GeV) is quite short (see below), we effectively see the radiation components from a localized part of the orbit with homogeneous physical conditions. This allows us to reduce the treatment of time-evolution of energy distribution of electrons to the well-known equation (see e.g. Ginzburg & Syrovatskii (1964) )
whereγ =γic +γ synch +γ ad is electron energy loss rate and Q(t, γ) is the acceleration rate. The solution of this equation has the following form
where
and
Since the cooling time of electrons is much shorter than the characteristic dynamic times of the system (e.g. the times corresponding to non-negligible changes of the relevant parameters like the magnetic field, the separation of the pulsar and the optical companion, etc.), we can use the steady-state distribution function of electrons at given epoch t (or at given position of the pulsar in the orbit),
where Q(t, γ ′ ) is the acceleration rate at the given epoch. It should be noted that at low energies this solution may have a limited applicability because of long radiative cooling time of electrons. The minimum energy of electrons for which the solution Eq.(6) remains correct, is determined from the condition for the cooling time: t cooling < t dyn where t dyn ∼ 1 day (the time during which the distance between the pulsar and the optical star, and other principal parameters are changed less than 10%, even at the epochs close to the periastron). This condition gives E 100 w ph + wB 1 erg cm −3 −1
MeV .
While very high energy electrons "die" due to radiative losses inside the acceleration region, low energy electrons can escape the source. The maximum energy of electrons which escape the source is determined by the characteristic escape time,
GeV .
These electrons form a quasi-stationary halo around the binary system which can contribute to the overall IC radiation of the source at energies
This radiation can be detected by GLAST as quiescent component. Note howewer that this component can be significantly suppressed in the case of low-energy cutoff in the acceleration spectrum of electrons as often assumed for PWN in general, and for this binary system, in particular (see e.g. Kirk et al. (1999) ).
Below electrons we assume for the accelerated a powerlaw distribution with exponential high energy cutoff, Ee,max:
where A is the normalization coefficient. The cutoff energy Ee,max is determined from the balance between the acceleration and energy loss rates, therefore it is a function of time. Generally, the total acceleration power determined by the parameter A also is time-dependent. If the radiative cooling times of electrons dominate over the adiabatic and escape losses, the radiation of electrons proceeds in the saturation regime, i.e. the source works as a calorimeter. In this regime the energy of accelerated electrons is radiated away due to synchrotron and IC processes:
The function f (θ) is determined by the angular anisotropy of IC radiation, where θ is the angle between the line of sight and the line connecting the pulsar and the Be star. In principle, the function f can vary significantly, but in the case of PSR B1259-63/SS2883 the variation of this function does not exceed two. The lightcurve of 1 TeV gamma-rays produced by electrons with injection spectrum given by Eq.(10) with timeindependent parameters A and Ee,max is shown in Fig.2 by dash-dotted line. It is important to note that the almost time-independence of this curve, with a weak maximum just before the periastron, is the result of the anisotropy of IC scattering. Such a lightcurve which implies almost constant flux (within a factor of two) over the entire orbital period, is an obvious conflict with the HESS observations which show noticeable reduction of the flux towards the periastron . To achieve such a behavior of the lightcurve one should introduce additional energy losses. This cannot be achieved by increasing the magnetic field, because it would lead to an increase of the synchrotron flux close to the periastron, in contrast to Xray observations (Tavani & Arons 1997; Chernyakova et al. 2006) . This implies that one needs to introduce additional "invisible", i.e. nonradiative energy losses. This case is discussed in Section 3. Alternatively, one may reduce the flux both of synchrotron X-rays and of IC gamma-rays assuming a tendency of cutoff energy decrease in the spectrum of accelerated electrons Ee,max, or assuming reduction of the time, days separation, cm Figure 1 . Separation between the pulsar and the star versus time (0 corresponds to the periastron passage). The vertical dotted lines correspond to the location of interaction of the pulsar wind with the stellar disk based on the observations of the eclipse of the pulsed radio emission (Johnston et al. 2005 ). The vertical dashed-dotted lines correspond to the disk location suggested by Chernyakova et al. (2006) . total power of accelerated electrons close to the periastron. These two cases are discussed in Sections 4 and 5, respectively.
NONRADIATIVE LOSSES
In the previous section we neglected the nonradiative losses which can be caused by adiabatic expansion and escape of relativistic particles from the active region (emitter). However, the pulsar wind interaction with the ambient medium results in a complex shock wave structure where adiabatic and escape losses may play a dominant role. Indeed, the escape time Tesc can be as short as
i.e. comparable or shorter (depending on energy) than the radiative cooling time of electrons. The adiabatic losses (t ∼ R/v, where R is the characteristic radius and v is the speed of expansion of the the emission region) can be even faster since R ≪ D and the source can expand relativistically. Both adiabatic and escape timescales can not be calculated from the first principles given the complexity of the system. Instead, the characteristic timescales of nonradiative losses can be derived phenomenologically, namely from the observed gamma-ray lightcurve. As discussed above, in order to explain the reduction of both X-ray and TeV gamma-ray fluxes close to the periastron, one should increase the rate of nonradiative losses. The reported TeV gamma-ray observations are quite sparse and unfortunately allows a broad range of lightcurves. In Fig. 3 we show an example of a lightcurve which matches the HESS data. The time-profile of the rate of nonradiative losses derived from that lightcurve with additional assumption that 10% of pulsar spindown luminosity is converted (through the termination shock) into relativistic electrons with constant (for all epochs) injection rate and energy spectrum given by Eq.(10) with Ee,max = 10 TeV, α = 2 is shown in Fig.4 . For magnetic field we assume B(r) ∝ D −1 dependence with B = 0.1 G at periastron. It is seen that in order to match the lightcurve shown in Fig. 3 one needs a very sharp increase of adiabatic losses with characteristic time T ∼ 100 sec. This can be naturally related to a much smaller size of the emission region in periastron, i.e. the region occupied by relativistic electrons accelerated by the termination shock in dense region closer to the star. In the case of termination of the wind in the highest density environment which coincides with the passage of the pulsar through the stellar disk we would expect even higher nonradiative losses, so one should expect some deviation from the adopted smooth symmetric profile of adiabatic losses shown in Fig.4 . Interestingly, the lower, by a factor of two, flux of TeV gamma-rays at t = 20 days from periastron, which coincides with the interaction point of the pulsar wind with the disk, compared to the adopted reference lightcurve could be just result of the enhanced nonradiative losses in the disk. However, the large statistical and systematic errors of TeV fluxes do not allow certain conclusions in this regard. Therefore the reference lightcurve in Fig. 3 should be treated as a reasonable approximation for derivation of basic parameters of the system. At epochs far from periastron the rate of the required nonradiative losses drops significantly, however it still remains faster than IC and synchrotron losses with characteristic time T ∼ 10 4 sec (see Fig.5 ). Note that the curves in Fig.5 correspond to electrons of energy 1 TeV. However, as it is seen from Fig.6 , nonradiative losses should dominate over radiative losses at all energies of electrons and during the entire orbit of the pulsar.
In Fig.7 we show lightcurves calculated for four different energies of gamma-rays. Apparently, the lightcurve for explained by the dominance of adiabatic losses at all energies of electrons. At the same time the energy spectra of IC radiation at different energy bands are significantly different. Indeed, the dominance of adiabatic or energy-independent escape losses maintains the acceleration spectrum of electrons unchanged. Thus at energies E ≪ Emax, the gammarays produced in the Thompson regime (Eγ 10 GeV) will have power-law spectrum with photon index (α+1)/2, while in the deep Klein-Nishina regime the spectrum will be proportional to E −(α+1) γ ln Eγ. This effect is seen in Fig.8 , where we show the broadband spectral energy distribution (SED) of radiation at different epochs, consisting of synchrotron and IC components.
In Fig. 9 we also show the average TeV gamma-ray spectrum calculated for the observation period in February 2004 which is in a reasonable agreement with the HESS observations for the same period. 
MAXIMUM ENERGY OF ELECTRONS
It is convenient to present the acceleration time of electrons in the following form:
where η is a dimensionless constant; η = 1 corresponds to the maximum possible rate of acceleration allowed by classical electrodynamics. In reality η can exceed significantly 1 even in the case of relativistic shocks. The maximum energy of electrons is determined from the balance of particle acceleration and loss rates.
In Fig.10 we show characteristic acceleration times for 3 different values of η = 4 × 10 3 , 10 3 , 10 2 , together with synchrotron and Compton cooling timescales calculated for the epoch of the periastron assuming the magnetic field B = 0.05 G. In Fig.10 the energy-independent escape time, which was assumed to be 10 4 s, is also shown. The maximum energy of accelerated electrons is determined by the intersection of curves corresponding to the acceleration and loss times. Because of essentially different energy dependencies of characteristic energy loss times tsyn, tIC and tesc, the maximum energy of electrons is determined, depending on the value of η, by IC losses (a) or by synchrotron losses (c) or by escape (b) (see Fig.10 ).
If the energy losses of electrons dominate by synchrotron cooling in the magnetic field BG = B/1 G with characteristic time
the corresponding maximum energy of electrons is
Note that in the case of η = const the maximum energy of synchrotron photons does not depend on the magnetic field (Esyn,max ∝ E 2 e,max B=const), but depends on η, namely Esyn,max ∼ 100(η/10
3 ) −1 keV. This relation contains unique information about the acceleration rate through the η parameter.
In the regime when IC cooling dominates over the synchrotron cooling,
where w0 is the energy density of the target photons in erg/cm 3 units. In Fig.10 we show the accurate numerical calculation of the IC cooling time. It is seen that above 1 TeV Eq.(17) provides quite accurate approximation of the IC cooling time.
The corresponding maximum energy of accelerated electrons is Ee,max ≃ 9 · 10 5 (BG/w0)
TeV .
This somewhat unusual dependence of Ee,max on the photon density w0 is the result of IC scattering in deep KleinNishina regime. Obviously, in the Thomson regime Ee,max ∝ (BG/w0) 1/2 η −1/2 . The very strong dependence of Ee,max in Eq.(18) on three highly variable parameters, B, w and η, The maximum injection energy due to radiative cooling is determined by crossing of the same type lines. The maximum energy related to the electron escape is determined by crossing of an acceleration line with the escape line.
allows variation of Ee,max in very broad limits. For example, for the B ∝ 1/D type dependence of the B-field, and assuming constant η, the increase of the separation between the compact object and the star by a factor of two would lead to the change of Ee,max by a factor of 2 3.3 ≃ 10, and correspondingly to dramatic variation of the flux of highest energy gamma-rays.
Finally, the escape of electrons may also have a strong impact on the variation of Ee,max depending on the position of the pulsar. Actually the effective escape of elec- trons is unavoidable if the "boundary-layer" at shockwave is comparable with electron Larmor radius RL. For 1 TeV electrons RL ≃ 6 · 10 10 (B/0.05G) −1 cm. The thickness of the boundary-layer is estimated as δ = l/ √ κ, where l ∼ 10 10−12 cm is a typical length scale in the postshock region and κ = ul/ν is the Reynolds number (u = c/3 and ν is the viscosity coefficient). Thus when the Reynolds number is not extremely small, escape becomes an important factor in the formation of the spectrum of accelerated particles. In this case, ignoring the radiative energy losses of electrons, one has Ee,max ≃ 9 BG Tesc 10 3 s
where T is the escape time of electrons. Obviously, all relevant timescales depend on the pulsar position in the orbit, therefore the high energy cutoff in the spectrum of electrons is expected to be variable . In Fig.11 we show the radiation and acceleration timescales for different epochs -at periastron and ±10, 20, 100 days from the periastron. For the chosen model parameters, B = 0.05(D0/D) G and η = 4 × 10 3 , the cutoff in the electron spectrum at the periastron is determined by IC losses, while at large separation distances the synchrotron and escape losses play more important role in formation of the cutoff. This is demonstrated in Fig.12 , where the high energy cutoff in the electron spectrum is shown as a function of epoch. Solid line corresponds to the case of radiation (IC and synchrotron) losses. In this case one expects significant reduction of the cutoff energy at epochs close to the periastron, where strong IC losses push the cutoff energy down to 1 TeV. Far from the periastron, the cutoff energy can increase up to 10 TeV, unless the losses due to escape become dominant. The IC cooling time at the epoch with separation D is t cool ≃ 10 3 s(D/D0) 2 s. Therefore, if the characteristic escape time is about 10 4 s, the impact of particle escape becomes important for separations D 3D0. This effect is demonstrated in Fig.12 where (time and energyindependent) escape time Tesc = 5 × 10 4 s is assumed. One can see that for chosen model parameters the cutoff energy is a week function of time with a local minimum (≃ 0.5 TeV) at periastron, and two maxima (≃ 2.5 TeV) at ±20 days.
It is important to note that the introduction of escape losses is crucial for explanation of the observed TeV lightcurve in this scenario. Indeed, while the reduction of the cutoff energy in the spectrum of electrons due to enhanced IC losses satisfactorily explains the minimum at the periastron, one should expect much higher fluxes at large separations in contrast to the HESS observations. The additional assumption that electrons suffer also significant escape losses (Tesc = 5 × 10 4 s) allows dramatic suppression of the gamma-ray fluxes beyond |t| > 20 days (compare dashed and dot-dashed curves in Fig.2) .
The impact of the variation of relative contributions of radiative and escape losses on the formation of the energy distributions of electrons is demonstrated in Fig.13 . The corresponding lightcurves of inverse Compton gamma-rays at Eγ = 1 TeV, 500 GeV, 100 GeV and 10 GeV, and 1-10 keV synchrotron photons are shown in Fig. 14 . For comparison the HESS measurements ) of 1 TeV gamma-ray fluxes are also shown. The agreement of calculations with the HESS lightcurve is rather satisfactory except for somewhat higher predicted flux at the epoch of 2 weeks after the periastron which coincides with the pulsar passage through the stellar disk. In Fig. 15 we compare the energy spectrum reported by HESS with the average TeV gammaray spectrum calculated for the period of the HESS observations in February 2004. Although it is possible to achieve a better agreement with the measurements, however at this stage the attempt for a better spectral fit could be hardly justified given the statistical and systematic uncertainties of measurements.
In the scenario of variation of Ee,max the lightcurves at TeV and GeV energies have quite different profiles. Namely, the TeV lightcurves have a clear minimum at periastron which is explained by the sub-TeV cutoff in the spectrum of accelerated electrons. At the same time this cutoff in the electron spectrum is still sufficiently high and therefore does not have a strong impact at GeV energies. Therefore the GeV lightcurves show maximum a few days before the periastron 1 . It is important to note that the significant drop of gamma-ray fluxes at large separations is due to the escape losses, otherwise one should expect rather constant flux with a weak maximum close to the periastron. Also this model predicts different energy spectra of gamma-ray bellow 100 GeV at different epochs. Indeed, at large separations, when the escape losses dominate, the injection spectrum of electrons remains unchanged, therefore we expect noticeably harder gamma-ray spectra in the GeV energy band at epochs |t| > 20 days (see Fig.16 ).
Remarkably, the calculated fluxes at GeV energies are well above the sensitivity of GLAST which makes this source a perfect target for future observations with GLAST. It should be noted, however, that the fluxes at GeV energies could be significantly suppressed because of possible low energy cutoff in the acceleration spectrum of electrons -a standard assumption in the models of PWN.
COMPTONIZATION OF THE UNSHOCKED WIND
While in the previous sections we tried to explain the observed modulation of TeV gamma-rays fluxes by energy Figure 14 . The gamma-ray lightcurves expected in the scenario of variation of the energy cutoff. The solid line: Eγ = 1 TeV, the dotted line: Eγ = 0.5 TeV, the dash-dotted line: Eγ = 0.1 TeV, the dashed line: Eγ = 10 GeV and the dash-dot-dot-dotted line: Eγ = 1 − 10 keV (synchrotron). The model parameters are same as in Fig.11 . The injection spectrum was assumed to be powerlaw Q(Ee) ∝ E −2 e exp (−Ee/Ee,max). The injection acceleration rate of electrons was assumed to be at level of 5% of the pulsar spindown luminosity. The HESS measurements ) of 1 TeV gamma-ray fluxes are also shown. The vertical shadowed zones correspond to the stellar disk location.
losses of accelerated electrons at the termination of the wind, it is interesting to investigate whether one can relate the observed TeV lightcurve to the Compton losses of the kinetic energy of the bulk motion of the cold ultrarelativistic wind.
Generally this effect can be important in a binary system with a high luminosity companion star. Although the electrons in cold pulsar winds do not suffer synchrotron losses, the significant fraction of original kinetic energy of the bulk motion of the electron-positron wind could be radiated away due to the Comptonization. Thus the power available for acceleration of electrons at termination of the wind depends on the position of the pulsar. Obviously, in this scenario we should expect minimum flux of gamma-rays closer to the periastron. In other words, while in the previ- ous section the modulation of the gamma-ray flux is linked to the Ee,max, in this scenario the gamma-ray flux variation depends on the parameter A characterizing the acceleration power of electrons given by Eq.(10).
According to the standard PWN model (Kennel & Coroniti 1984 ) the cold electron-positron wind has a typical bulk motion Lorentz factor Γ ∝ 10 4 − 10 6 , thus the interaction of the wind electrons with starlight in the Klein-Nishina limit should lead to the formation of a narrow gamma-ray component with typical energy Γmec 2 . This effect also leads to the modulation of the bulk motion Lorentz factor as shown in Fig.17 . The calculations in Fig.17 were performed for Lstar = 2.2 · 10 38 erg/s and different values of the initial Lorentz factor of the pulsar wind. Note that in the Thomson regime t cool ∝ Γ −1 , i.e. the decrease of wind Lorentz factor leads to the increase of the cooling time. On the other hand, in the Klein-Nishina regime the cooling time increases with Lorentz factor as t cool ∝ Γ 0.7 . Therefore the maximum effect is achieved in the Thomson-to-Klein-Nishina transition region, i.e. around Γ = 10 5 .
As it follows from Fig.17 , the initial Lorentz factor of the wind for Γ0 = 10 5 is reduced by 40% at periastron. Interestingly, minimum reduction of the initial Lorentz factor (∼ 5%) happens around t = ±20 days ( see in Fig.17) . Since the kinetic energy of the wind radiated away due to the Comptonization is determed by the starlight density and the length of the unshocked wind ∆l = r sh , the lightcurve is explained by the combination of two factors -dependence of the starlight density on the separation D, and the distance to the wind termination point (it is assumed that the gas density of the stellar wind decreases as D 2 ). Obviously, in the case of electron-positron pulsar wind, the kinetic energy of bulk motion of the wind, and consequently the rate of shock accelerated electrons have similar time behaviors: A = A0Γ(t)/Γ0, where A0 characterizes the original power of the wind.
Although qualitatively this behavior agrees with the TeV lightcurve detected by HESS, the effect of reduction of the kinetic energy of the wind is not sufficient to explain quantitatively the observed TeV lightcurve. Indeed, the Comptonization of the wind can lead to the reduction of the energy flux of TeV gamma-rays at periastron by only a factor of 1.5, while the HESS observations show more significant variation of the gamma-ray flux. Assuming somewhat larger, by a factor of two, higher luminosity of the optical star, one can get a better agreement with the observed TeV lightcurve. However the range of the luminosity of the star discussed in the literature, favours a lower luminosity of the star (Tavani & Arons 1997; Kirk et al. 1999) . Therefore the effect of Comptonization of the pulsar wind cannot play, even for Γ0 ∼ 10 5 , a major role in the formation of the TeV lightcurve.
Even so, this effect cannot be ignored in the calculations of the overall gamma-radiation of the system. Namely the Comptonization of the ultrarelativistic pulsar wind unavoidably leads to an additional component of gamma-rays produced at the pretermination stage of the wind. Due to the inverse Compton scattering of monoenergetic electrons on target photons with narrow, e.g. Planckian distribution, we should expect a specific, especially for Γ0 10 5 , linetype gamma-ray emission (Bogovalov & Aharonian 2000; Ball & Dodd 2001) . The results of calculations of gammaray spectra of the unshocked wind are shown in Fig.18 . Comparison of these calculations with the average energy spectrum of PSR B1259-63 measured by HESS excludes the initial Lorentz factor of the wind Γ0 = 10 6 . Otherwise, the flux of the Comptonized emission of the unshocked wind would exceed the observed flux even at apastron (see Fig.18 ). Due to the energy range of gamma-rays from this source available for HESS (E 300 GeV), the future observations unfortunately cannot significantly improve this limit. On the other hand, such studies can be performed by GLAST the sensitivity of which seems to be adequate, as is shown Fig.18 , for a deep probe of the initial wind Lorentz factors of PSR B1259-63 within 10 4 to 10 6 . Thus, GLAST has a unique potential to prove the current pulsar wind paradigm which assumes that the bulk of the spin-down luminosity of the pulsar is transformed to a cold wind with Lorentz factor exceeding 10 4 .
SUMMARY
One of the recent exciting results of the observational gamma-ray astronomy is the detection of TeV gamma-ray signal from the the binary system PSR B1259-63/SS2883 . While the absolute fluxes and energy spectra of TeV emission detected by HESS can be explained quite well in the framework of inverse Compton model (Kirk et al. 1999) , the observed TeV lightcurve appeared to be significantly different from early predictions. This initiated alternative (hadronic) models which relate the maximum in the TeV lightcurve observed after approximately three weeks of the periastron to the interaction of the pulsar wind with the stellar disk (Kawachi et al. 2004; Chernyakova et al. 2006 ). This assumption however does not agree with the location of the stellar disk derived from the pulsed radio emission observations (Johnston et al. 2005) .
In this paper we study three different scenarios of formation of gamma-ray lightcurve in the binary system PSR B1259-63/SS2883 with an aim to explore whether one can explain the observed TeV lightcurve by electrons accelerated at the pulsar wind termination shock. The natural target for the inverse Compton scattering in such a system is the thermal radiation from the optical star. Since the basic parameters characterizing the system are well known, the predictions of gamma-ray fluxes at different epochs can be reduced to the calculations of the energy distribution of relativistic electrons under certain assumptions concerning the acceleration spectrum of electrons and their energy losses of both nonradiative (adiabatic and escape) and radiative (Compton and synchrotron) origin. In particular, we demonstrate that the observed TeV lightcurve can be explained (i) by adiabatic losses which dominate over the entire trajectory of the pulsar with a significant increase towards the periastron, or (ii) by the variation of the cutoff energy in the acceleration spectrum of electrons due to the modulation of rate of inverse Compton losses depending on the position of the pulsar relative to the companion star. Although we deal with a very complex system, we demonstrate that the observed TeV lightcurve can be naturally explained by the inverse Compton model under certain physically well justified assumptions. Unfortunately, the large systematic and statistical uncertainties, as well as the relatively narrow energy band of the available TeV data do not allow robust constraints on several key model parameters like the magnetic field, escape time, acceleration efficiency, etc. This also does not allow us to distinguish between different scenarios discussed above. In this regard, the future detailed observations both in MeV/GeV and TeV bands by GLAST and HESS closer to the periastron, as well as at the epochs when the pulsar crosses the stellar disk, will provide strong insight into the nature of this enigmatic object. Equally important are the detailed observations of X-rays, e.g. with Chandra, XMM and Suzaku telescopes. The analysis of gamma and X-ray data obtained simultaneously should allow extraction of several key parameters characterizing the binary system. The energy spectra of gamma-rays due to the Comptonization of the unshocked wind at the periastron (solid lines) and apastron (dotted lines) are calculated for initial Lorentz factor Γ 0 = 10 3 , 10 4 , 10 5 , 10 6 and 10 7 (indicated at the curves). The luminosity of the companion star was assumed Lstar = 2.2 · 10 38 erg/s. The experimental points correspond to the average energy spectrum measured by HESS within several weeks around the periastron. The differential flux sensitivity of GLAST for a point source is also shown. The corresponding curve represents sensitivity for one-year all-sky survey taken from http://www-glast.slac.stanford.edu/software/IS/glast lat performance.htm. However, since gamma-ray fluxes can be effectively observed only at the epochs not far from the periastron, the typical available observation time by GLAST would be limited by ∆t 3 weeks. This implies that the minimum detectable gamma-ray flux of GLAST shown in the figure should be increased by a factor between (1year/∆t) 1/2 ≃ 4 and 16 depending whether the sensitivity is determined by the background or by the gamma-ray photon statistics.
